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Proceedings: Second International Conference on Case Histories in Geotechnical Engineering, June 1-5, 1988, St. Louis, Mo., Paper No.1.05

Use of Deeply Weathered Rock As Landfill Cover Material,
Patacon Landfill, Republic of Panama
W.C.B. Gates
Captain, United States Army Environmental Hygiene Agency,
Aberdeen Proving Ground, Maryland

SYNOPSIS: Under normal conditions weathered rock provides poor landfill cover because of its permeable nature. However, a recent hydrogeological investigation conducted by the US Army Environmental
Hygiene Agency (AEHA) of the Patacon Landfill in the Republic of Panama revealed the contrary. The
operators were using weathered rock from the surrounding saprolitic outcrops of the Panama formation
and Tertiary andesite intrusions for landfill cover. The AEHA selected samples of the weathered
rock from the borrow sites for engineering tests at their soils engineering lab at Aberdeen Proving
Ground, Maryland. The following are test results. Water induces the weathered rock to slake very
quickly to a gravely silt. Compaction of the samples yielded an average Proctor density of 1.74
gm/cm 3 at 19 percent optimum moisture content. The lab achieved a low permeability of 6 x lQ-7
em/sec on the compacted samples. The test results suggest that properly prepared weathered rock
will substitute as borrow material for landfill cover.
the Continental Divide. The land upon which
the facility lies was formerly the Panama Canal
Zone property. The United States later deeded
the property to the Republic of Panama as a
result of the 1977 Panama Canal Treaty.

INTRODUCTION
The Republic of Panama owns
Patacon Sanitary Landfill.
been in operation since May
Government of Panama closed
dump.

and operates the
The facility has
1985, when the
the Panama Viejo

Because of the potential for surface and
ground-water contamination from the Patacon
Landfill, the US Army Garrison in Panama
requested the AEHA review the operations and
management of the landfill and attendant
hydrogeology and water quality.

The location of the facility is 2 km north of
the Panama Canal (Figure 1). The site occupies
a tropical intermontane valley between Rios
Mocambo and Guanabano, respectively. In addition, it is west of Cerro Patacon and south of

I conducted the study in two phases. Phase I,
the initial hydrogeological investigation of
the Patacon Landfill and vicinity, occurred
during June 1986 (Gates, 1986). During Phase
I, I preselected locations for installation
of downgradient monitoring wells. In addition, I reviewed the operation and management
of the Patacon Landfill.
While conducting the initial study, I observed
one thing which grasped my interest as a geological engineer. The operators were using
weathered rock as landfill cover. Usually,
ripped, weathered rock provides poor landfill
cover because it is very permeable. To see if
this borrow material was viable as a source of
landfill cover, I obtained two samples for
testing at the AEHA Soils Lab. The initial
test results of the mechanical properties
suggested that weathered rock would provide
good cover. This prompted additional geotechnical investigations. Therefore, in November
1987, I returned to collect additional rock
samples from three primary borrow sites for
geotechnical testing.

Fig. 1

This paper does not discuss the analytical
results of the Phase II ground-water study.
Rather, the purpose of this paper is to
analyze the merits of the unique landfill cover
material employed by the Patacon operators.

Location of the Patacon Landfill
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a north bearing. Woodring (1957) and the
Stewarts' (1980) have identified the Miraflores
and the Rio Pedro Miguel faults 3 km west of
the landfill. Both form major drainage pathways. Although not identified as faults, the
northern trends of Rios Guanabano and Mocambo,
also, suggest fracture zones. There is no
evidence of active faulting within the study
area.

ENGINEERING GEOLOGY
For an in-depth review of the geology of
Panama refer to Woodring (1957), the Stewarts'
(19&0), and Weyl (1980). The local engineering geology surrounding Patacon Landfill
follows.
Stratigraphy
Surficial deposits around Patacon Landfill
are largely red clay laterites overlying silty
saprolites formed by weathering of the underlying parent bedrock.
The Panama formation (Early to Late Oligocene)
is the principal bedrock unit surrounding the
landfill (Figure 2). This rock unit is an
agglomerate of angular to subangular blocks of
differentially weathered andesite, widely
scattered in a matrix of fine-grained tuff
(Woodring, 1957; Stewart and Stewart, 1980).
Because of deep weathering from the tropical
environment, this unit slakes readily to
small friable cobbles, chips and mud. Fresh
chunks of the Panama formation break easily
with both hand and hammer.

Fig. 3 Weathered Andesite Outcrop Used for
Borrow Cover Material
Hydrogeology

Fig. 2

Patacon Landfill is hydraulically upgradient
of Fort Clayton and adjacent to a potential
recharge area. Recharge occurs along the geologic contact of the andesite intrusions and
the Panama formation. The ground water flows
down dip and along fracture zones towards the
Panama Canal. A semi-confined ground-water
zone occurs approximately 40 feet below the
surface (PCC, 1961; Patacon Well Log 2, 1985;
Allinger and Gates, 1988). A shallow aquifer,
approximately 20 feet below the surface, ties
into the alluvial aquifer bordering Rios
Guanabano and Mocambo (CONAMA, 1985; Allinger
and Gates, 1988). Because there is a direct
hydraulic link between the aquifer and the
streams, the aquifer fluctuates with the
seasonal discharge of the stream. In addition,
the shallow aquifer reflects the pollution of
the stream. For instance, Allinger and Gates
(1988) found total coliform bacteria colonies
in the streams and ground water that were too
numerous to count. They concluded, the coliform
bacterial pollution comes directly from the
landfill via runoff.

Outcropping Weathered Rock of the
Panama Formation Used for Borrow
Landfill Cover

Intrusive andesites (Oligocene and Miocene)
surround the landfill site (Figure 3). The
exposed, outcropping portion of the rock units
have weathered to a coarse, friable saprolite.
Because of the deep weathering, the rock is
very easy to rip with a hammer.
Structure
According to Woodring (1957) and the Stewarts'
(1980), the Panama formation exhibits an
apparent gentle dip of 7 degrees southwest
towards the canal.
Distinct fracture tectonics dominate the Canal
Zone (Weyl, 1980). In general, faults trend on
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I.

PATACON LANDFILL
Operation
The site location for the Patacon Landfill is
excellent, if managed properly. The engineers
from the University of Panama developed a
detailed engineering plan for the landfill site
(CONAMA, 1985). There is sufficient acreage
and borrow material for the landfill to expand.
The engineers estimate that the maximum size
of the facility will approach 300 hectares. At
the time of the June 1986 survey (Gates, 1986),
the City landfilled about 900 tons of solid
waste per day by the modified trench-area fill
method (Figure 4).

Fig. 5 Patacon Landfill (Note vulture problem)
Cover Material
To cover the landfill, the engineering plans
called for a simple cut and fill operation.
That is, the operators filled the natural
topographic-low depressions with partially
compacted solid waste. Once they had spread
and compacted the waste with bulldozers, they
covered it with borrowed weathered rock from
the adjacent outcrops and hills. Of note,
surrounding the landfill are sufficient quantities of lateritic clay to use as cover.
However, the operators chose not to use this
material.
Fig. 4

Under normal conditions, we, as geotechnical
engineers, would not select weathered rock for
landfill cover material because it would be too
permeable. Intermediate and final cover should
be clay-like, near impermeable material that
will reduce influent percolation of fluids and
prevent subsequent leachate production . My
first impression of the cover material that the
Panamanian engineers selected was that it was
totally inadequate. However, on closer inspection, I noted that the cover had characteristics of a low permeable clay-like material •
This is atypical of crushed rock .

Operators Employ the Area/Trench Fill
Method at Patacon Landfill

During the first trip, I noted the operators
attempted to follow the engineering plans for
the landfill as closely as possible. However,
during the second visit, the rainy season was
at its height. Because of the poor road
maintenance and the heavy rain, travel to the
disposal site was at a standstill. The roads
.were impassable. Because the operators could
not get to the borrow sites for landfill cover,
nearly 12 hectares, 3 meters high of uncompacted, uncovered solid waste lay exposed to
t he elements. The rain had thoroughly
saturated the solid waste. The surface of the
landfill bubbled and hissed from escaping
methane gas and other organic products. The
operators had not controlled the surface runoff
and leachate, rather the effluent drained into
Rios Guanabano and Mocambo. Turkey vultures
covered and defecated on the surface of the
landfill (Figure 5). The turkey vultures were
the primary source of the coliform pollution of
the streams.
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The borrow sites selected by the landfill
operators were outcrops of rock within the
boundaries of the landfill. The rock units
were the Panama formation (Tp) and Tertiary
andesite (Ta) intrusions (Figures 2 and 3).
The operators excavated the rock material by
ripping with a front-end loader or bulldozer.
After removing the rock from the borrow pit,
they spread and compacted it on the surface of
the landfill with a bulldozer.
I noted two things while visiting the site
during the dry and rainy season. During the
rainy season, the crushed rock weathers very
quickly to a sticky mud if the moisture exceeds
the optimum. During the dry season, there was
just enough rain to bring the cover to optimum
moisture. This eased the trafficability.

3

Daily precipitation facilitated the rock to
slake to a soil-like material which aided in
mechanical compaction. Where the operators
compacted the cover material, the permeability
appeared very tight because water pooled on
the surface.

agglomerate, the individual clasts slaked differentially, based on the degree of weathering.
The andesitic samples reacted slower because
they were apparently more durable. The test
provided useful information on the behavior and
hardness of the water-soaked rock samples.
Some of the clasts which did not slake immediately, broke apart between the thumb and
fingers. In general, the Jar-slake index for
these samples ranged from 2.5 to 3.5. The
implication of this is the samples break down
rapidly to form few to many chips mixed with
flakes and mud.

GEOTECHNICAL TESTING
General
After observing the Panamanian operators, I
noted the most important aspect in locating
weathered rock for landfill cover material was
the ability to distinguish the durable from
the nondurable rock. The operator needs to
locate the nondurable material that will
react as soil and compact easily.

Rate of Slaking Test
Chapman (1975) and Strohm and others (1978)
discuss the rate of slaking test. This test is
a useful supplement performed in conjunction
with the Jar-slake test. The rate of slaking
is a function of the change in liquidity index.
The liquidity index is the difference between
the in situ water content and soaked water
content divided by the plastic index of the
sample. The average change in liquidity index
for all samples exceeded 1.25. Therefore, the
borrow material slakes very fast.

Several authors have suggested various mechanical tests to evaluate the durability of shale
or weak rock (Chapman, 1975; Strohm and
others, 1978; ASTM D 4644-87; Franklin, 1983).
Geotechnical engineers employ these tests to
distinguish weak rock from more durable
material. The simple slaking tests provide
easy identification of weathered rock and
shales that are relatively soft and nondurable
(Strohm and others, 1978). Other weathered
rock that is mechanically hard and durable
is recognizable by its resistance to
weathering in the field, density, and ringing
when struck by a hammer or its unchanged
nature after a slake-durability test.

Slake Test
The American Society for Testing and Materials
(ASTM) considers the slake-durability test
(ASTM 4644-87) the primary test for weak rocks
and shales. The slake-durability index (Id)
measures the percent of the rock material
retained at the completion of the test.
Conversely, the slake test is a measure of the
total material lost during the test. The
slake test is an alternative to the slakedurability test since the slake index is equal
to 100 - Id (Chapman, 1975; Strohm and others,
1978). The slake-durability index, based on
the slake index for the samples, ranged from
66 to 87 percent. The material retained on the
sieve consisted of a mixture of hard clasts,
large and small, intermixed with soil-like nondurable material. The ASTM classification is
Class II (ASTM D 4644-87).

To evaluate the mechanical adequacy of the
cover material selected by the Panamanian
engineers, I chose to use the slake tests
in reverse. That is, I wanted to know how
well the rock slaked to a soil-like material
rather than how durable it was. I chose the
following slake tests described by Strohm and
others (1978): Jar-slake test, rate of
slaking test and slake test (substituted for
the slake-durability test). In addition, I
investigated other physical characteristics of
the cover material such as Grain size, Atterberg limits, Proctor densities, moisture
contents (natural, saturated, and optimum)
and the permeabilities achievable at Proctor
density. The following is a discussion of the
test methods and analytical results.

Proctor Density
Since I was evaluating the weathered rock as
landfill cover, I employed the 15-blow compaction test to determine Proctor density. The
15-hlow compaction test approximates field
compactions expected of cover over a spongy
solid waste landfill (Lutton, 1980). It differs
from the standard 25-blow test because the
technician uses less compactive effort. This
results in lower maximum densities and higher
optimum moisture contents (Lutton and others,
1979; US Army, 1980).

Sample Sites
I selected three, 110 kg, representative
weathered rock samples from the active borrow
;ites. Two came from the Panama formation
'Tpl, Tp2) and one from the andesite (Ta) outrap.
ar-slake Test

Figure 6 depicts the combined Proctor density
test results. The results show that under ideal
laboratory conditions, one can compact the
weathered rock to an average Proctor density of
1.74 gm/cm 3 at an optimum moisture content (OMC)
of 19 percent.

~e

jar-slake test is a simple quick qualita.ve test which describes six descriptive
tgrees of slaking (Strohm and others, 1978).
te investigator determines the degrees of
.aking by observing the reaction of oven·ied samples immersed in water. I used this
t during the first trip, as a quick indi)T of the durability of both rock units.
rock samples (Panama formation and weath1 andesite) reacted immediately to the jar:e test. Since the Panama formation is an
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AREAS FOR RESEARCH

PROCTOR DENSITY RESULTS, PANAMA & ANDESITE UNITS
PATACON LANDFILL, REPUBLIC OF PANAMA

Using weathered rock as an alternative to claylike soil for landfill cover is an area for
additional geotechnical research. The
researcher should obtain many samples from a
variety of geologic formations and geographical
areas for testing. Since the texture of the
weathered rock is more coarse than soil, the
researcher should select larger compaction
molds and permeameters. This will reduce error
and more approximate field conditions. The
slake-durability test should include the slakedurability apparatus as a primary testing
device. In addition, the investigator should
investigate problems attendant to compaction
and hydraulic conductivity which may cause
errors. The following are problem areas
identified by the EPA (1984) for research on
soil cover which is, also, applicable to
weathered rock cover: (1) effects of moisture
content on compactions; (2} the maximum size
of soil aggregates; (3} cause and effect of
deleterious substances, such as rocks and
roots; (4) methods of compaction and compactive effort; (5) effects of air in the samples;
(6) effects of excessive hydraulic gradients;
and (7) permeameter and sample size.

1.90~

"'

1.80~

E
0

..

6,

~

~

'1.703

>~
~ 1.80)
~ 1.50~

>~

~

.""

ZERO AIR VOIDS

...

1 00'1(, SATURATION

1.40]

1.. 30 lta aiJ.IiijlitllllliJiiiililliJ.iiihi hji ililliii 1ill iillilll itt. 11111
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

PERCENT MOISTURE CONTENT

Fig. 6 Consolidated Proctor Density Results
Permeability

CONCLUSIONS

We conducted constant head permeabilities on
all compacted samples. The following are the
laboratory permeability results on the compacted samples. For the Panama formation (Tpl
and Tp2), we achieved an average permeability
of 9 x lo-7 em/sec at an OMC of 20 percent and
a Proctor density of 1.72 gm/cm 3 • Similarly,
for the weathered andesite (Ta), we achieved a
permeability of 2 x Io-8 em/sec at an OMC of 18
percent and a Proctor density of 1.78 gm/cm 3 •

The Patacon Landfill, if properly operated, is
an excellent site for a landfill. The CONAMA
developed excellent and viable landfill engineering design plans. The problem noted,
however, was the operators follow the design
plans sporadically.
The results of the engineering tests suggest
that weathered rock from the Panama formation
and the andesite intrusions will work well as
landfill cover when properly prepared and
applied. The weathered rock reacts readily to
slaking tests. Laboratory permeabilities of
the cover material of 6 x lQ-7 cm/s are
achievable at 15-blow Proctor densities of 1.74
gm/cm 3 •

DISCUSSION
The tropical climate has reduced the rock to a
weathered saprolite. Both rock units slake
readily to a combination of durable clasts of
cobbles and gravel mixed with nondurable clasts
and soil-like material. The Panama formation
reacts faster because of its agglomeratic
nature. However, overall the rate of slaking
for both is very fast. Based on the slake
test, the rock durability is moderate. The
reason for this is the differential weathering
of the rock. Thus, some clasts are more durable than others.
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For the weathered rock to work properly as
landfill cover, the operators must mechanically
rework both rock units. A goal that the
Panamanian operators should strive for when
compacting the cover layers is 95 percent of
Proctor density at optimum moisture based on
the IS-blow compaction test. At these conditions, the operator can achieve a permeability
of approximately 6 x l0-7 em/sec, also.
According to Lutton (1980}, one can approach
this goal by six.passes with an intermediatesize dozer or similar on soil cover over
municipal solid waste.
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